Since the introduction of the laryngeal mask airway (LMA), its use has expanded immensely and the large majority of anaesthetic procedures in children are now facilitated with an LMA 1 . When evaluated with bronchoscopy, a well-placed LMA should provide a direct view of the vocal cords because the epiglottis is resting on the LMA cuff allowing a clear view of the laryngeal inlet. Therefore, paediatric bronchoscopy or fibreoptic intubation is often facilitated with the use of an LMA. Its comparatively large internal diameter allows the use of the fibreoptic bronchoscope without a significant increase in airway resistance compared with a tracheal tube [2] [3] [4] . Fibreoptic assessment can also be used to assess the anatomical position of the LMA, including its relationship to the glottic aperture. This can be used to determine the appropriateness of positioning. Although several studies have assessed the position of an LMA bronchoscopically 5, 6 , no study has assessed the difference between the different sizes of paediatric LMAs (LMA size 1 to 2.5). An anatomically malpositioned LMA does not only restrict the glottic view for bronchoscopy or fibreoptic intubation, but also might increase local pressure on the mucosa and thereby increase the risk of airway complications.
The aim of this study was to assess the bronchoscopic view of the glottis obtained through different sizes of the LMA used in children undergoing elective fibreoptic examination of the upper and/or lower airway. Furthermore, we assessed the number of attempts until good or adequate ventilation could be established for each size of LMA.
METHODS
This prospective quality assurance study was approved by our Local Research Ethics Committee. 
SUMMARy
Laryngeal mask airways (LMA) are commonly used in paediatric anaesthesia. A well-placed LMA should provide a direct view of the vocal cords facilitating bronchoscopy or fibreoptic intubation. The aim of this audit was to assess the bronchoscopic view of the glottis obtained through an LMA with regard to its size.
We prospectively assessed the position of LMAs in relation to the glottic aperture in 350 children (zero to seven years) undergoing elective fibreoptic examination of the upper and/or lower airways. Following induction of anaesthesia and positioning of the LMA, a fibreoptic evaluation of the view of the glottis was performed (complete, partial or no visualisation).
Chest movement on manual ventilation was judged as good in the majority of patients and adequate for the remainder. No overt signs of airway obstruction were noted in any patient. However, a complete view of the glottic aperture was present in only 50% of size 1 LMAs, 57.5% of size 1.5, 72.7% of size 2 and 77.8% of size 2.5. The epiglottis impinged on the LMA opening, partially obstructing the view of the glottis in 36.3% of size 1 LMAs, 31.5% of size 1.5, 21% of size 2 and 17.8% of size 2.5. In 13.7% of size 1 LMAs, 11% of size 1.5, 6.3% of size 2 and 4.4% of size 2.5, the epiglottis was completely downfolded, obstructing the view of the glottic aperture.
The findings indicate that even if ventilation is judged as adequate, smaller paediatric LMAs are more commonly associated with suboptimal anatomical positioning with partial obstruction of the glottic aperture than larger LMAs, and therefore may require repositioning more often. Written parental consent was waived, since the study was classified as an observational quality of care audit with no changes to the routine anaesthesia management. Three hundred and fifty children aged neonate to seven years undergoing elective fibreoptic examination of the upper and/or lower airway requiring general anaesthesia and an LMA were included. Anaesthesia management was not standardised but left to the discretion of the anaesthetist (either BSvUS or CJW) using either a propofol or sevoflurane based technique without neuromuscular blockade. All patients were breathing spontaneously during the assessment of the LMA placement. Either a LMA Unique (PacMed Richmond, Vic., sizes 1 to 2.5) or a LMA Pro-breathe (single use, Well Lead Medical Co Ltd, Panyu, China) was used. The vertical bars of the LMA Pro-breathe were cut out prior to insertion of the device to ease insertion of the bronchoscope; the LMA Unique lacks vertical bars. The choice of the LMA size was left to the discretion of the anaesthetist in charge. Typically, the selection of the size of the LMA was chosen based on the patient's weight (size 1: <5 kg, size 1.5: 5 to 10 kg, size 2: 10 to 20 kg, size 2.5: 20 to 30 kg). The LMA was lubricated with lubricating jelly (Professional Disposables International, Orangeburg, ny, USA). Depending on the preference of the anaesthetist, the cuff of the LMA was fully deflated, partially inflated or completely inflated before insertion.
During the insertion of the LMA by the attending anaesthetist, the anaesthetic technician performed a jaw thrust manoeuvre to ease insertion. In all cases, the first attempt of insertion was performed without rotation of the LMA. If further attempts were needed, then a rotational technique was used in some patients. After insertion of the LMA, the cuff pressure was adjusted to 55 cmH 2 O using a calibrated handheld Portex Cuff Inflator Pressure gauge (Portex Limited, Hythe, kent, Uk). During this study, all LMAs were tested (by auscultation) for an audible leak at an airway inflation pressure of 20 cmH 2 O and any signs of airway obstruction as determined by auscultation at the level of the larynx as well as over both lungs. As soon as the anaesthetist in charge (BSvUS or CJW) had judged the airway as good (no leak at 20 cmH 2 O and no sign of obstruction) or acceptable (slight leak at 20 cmH 2 O but no obstruction of the airway with good bilateral chest movement), fibreoptic assessment of the airway was performed (FI-13RBS; Pentax, Mountvale, nJ, USA). The position of the LMA was judged on the view of the glottis: 1) complete visualisation of the glottic aperture;
2) partial visualisation of the glottic aperture (epiglottis impinging into the LMA); 3) complete obstruction of the view of the glottic aperture (epiglottis downfolding into the LMA). All fibreoptic assessments were performed with the tip of the bronchoscope at the level of the inner aperture of the LMA. The number of insertion attempts until ventilation was judged as good or adequate were also recorded.
Statistical analysis
Statistical analyses were performed with SAS software version 9.1 (SAS Institute, Cary, nC, USA) and SigmaStat 3.11 for Windows (Systat Software Inc., San Jose, CA, USA). The distribution of continuous variables was tested using a Shapiro-Wilk test. As data were not normally distributed, data were expressed as median (range). Differences between the anaesthetic techniques, sizes and brands of LMA were analysed using Mann-Whitney U tests. A P value <0.05 was considered statistically significant.
RESULTS
The majority of cases were performed under propofol anaesthesia (87.4%), while 12.6% were performed under sevoflurane anaesthesia. There were no differences between the two types of anaesthesia used in relation to patient characteristics or the positioning of the LMA.
An LMA could be placed in all patients and the ventilation was judged to be good or adequate for the procedure in all patients. There were no overt signs of airway obstruction noted in any of the patients. Patient characteristics and fibreoptic view data are given in Table 1 . Optimal placement (view of complete glottic aperture) was more commonly observed with the use of LMA sizes 2 and 2.5 compared with LMA sizes 1 and 1.5. Total downfolding of the epiglottis obstructing the view of the glottic aperture was more common with smaller sized LMAs compared with larger LMAs. Overall, there were no differences between the two LMA types used (Table 2 ). However, in the smaller sized LMAs, the LMA Unique was associated with a better view of the epiglottis compared with the LMA Pro-breathe. The reverse was observed in the larger sized LMAs.
DISCUSSIOn
Partial or complete obstruction of the glottic aperture by the epiglottis was more frequently observed in smaller sized LMA compared with larger sized paediatric LMAs.
Infants and young children have a relatively large and floppy epiglottis compared with older children or adults 7 . Therefore, the epiglottis may get pushed inferiorly during the insertion of the LMA cuff. Complete or partial obstruction of the glottic aperture by the epiglottis might potentially result in an increased work of breathing, although in a previous study there was no increase in air flow resistance in adults with the epiglottis occupying up to 66% of the distal aperture of the LMA 8 . Moreover, during bronchoscopy or fibreoptic intubation this may provoke an increased difficulty in passing the instrument into the trachea. This is also reflected in the tendency for the need of multiple attempts of LMA insertion in smaller sized LMA compared with larger sized LMAs. This is of particular importance in the setting of an emergency fibreoptic intubation via an LMA. While this might be easier to achieve with larger-sized LMAs, it is considerably more difficult with smaller LMAs because the view of the glottic inlet is more often partially obstructed in spite of good or adequate ventilation.
Interestingly, the anaesthetist does not seem to be able to predict a good bronchoscopic view despite good clinical conditions, especially with smaller LMAs. This is in line with previous studies 5, 6, 9 in which ventilation adequacy did not necessarily match with bronchoscopic LMA positioning. The ventilation was judged as good in the large majority of patients (LMA size 2.5 95.6%, LMA size 1 88.6%) prior to the start of the diagnostic intervention, although 22.2% (LMA size 2.5) to 50% (LMA size 1) were associated with a partial obstruction of the opening of the LMA by the epiglottis. However, in no patient was inadequate ventilation judged to be a limitation to proceed with the fibreoptic assessment of the airways. Thus the controversy whether the correct anatomic placement of the LMA is the valid endpoint for assessing the satisfactory placement of the device is not surprising. Studies using fibreoptic evaluation, computed tomography or magnetic resonance imaging show that the LMA can be clinically acceptable even though anatomic placement is suboptimal [9] [10] [11] . However, it can be argued that malpositioning of an LMA is more likely to be associated with complications (e.g. airway obstruction, airway trauma, gastric distension with the potential for regurgitation 12, 13 ).
In our study, LMA placement was more commonly judged as optimal (complete view of the glottic aperture) compared with previous studies 5, 6, 14 . This may be explained by the fact that the jaw thrust manoeuvre was used in all patients to facilitate the insertion of the LMA. The jaw thrust manoeuvre leads to an enlargement of the pharyngeal space by lifting the epiglottis anteriorly (away from the posterior pharyngeal wall), thereby enlarging the laryngeal inlet and improving LMA positioning [15] [16] [17] . Furthermore, the jaw thrust manoeuvre might have caused the relatively higher success rate of LMA placement in infants at first attempt, particularly in size 1 LMAs (88.8 vs 67% in the study by Dubreuil et al 5 ), while the success rate at first attempt for size 2 LMAs was similar to previous studies (89%) 18, 19 . This difference may be explained by the larger and floppy epiglottis in young children compared to older children, perhaps making the jaw thrust manoeuvre more effective in preventing downfolding of the epiglottis in the younger age group.
Overall, no differences in brand (LMA Pro-breathe vs LMA Unique) were observed. Surprisingly, the LMA Unique performed better with regard to the glottis view compared with the LMA Pro-breathe in the smaller sized LMAs, while the reverse was found in the larger sized LMA. This might be caused by the surface material. The LMA Unique has a rather rigid polyvinyl chloride surface, while the LMA Probreathe has a soft silicone surface which could lead to an easier partial impingement of the epiglottis in the smaller sized LMAs.
The observational character of this study is a limitation. There was no randomisation performed. Brands were chosen solely on the stock availability within the anaesthetic department.
In summary, although ventilation may be judged as adequate, smaller sized paediatric LMAs are more commonly associated with suboptimal anatomical positioning, with partial or complete obstruction of the view of the glottic aperture. In this audit, repositioning was required more frequently with smaller sized LMAs prior to the establishment of adequate ventilation.
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